


























ARD Ankyrin repeat domain 
B. bassiana Beauveria bassiana 
CERK1 Chitin elicitor receptor kinase 1 
c-IAP Cellular inhibitor of apoptosis protein 
co-IP Coimmunoprecipitation 
DD Death domain 
DMEM Dulbecco's Modified Eagle's Medium 
DMSO Dimethyl sulfoxide 
DNAJA3 DnaJ homolog subfamily A member 3 
Dpt-lacZ Diptericin-lacZ 
Drs-GFP Drosomycin-GFP 
Dredd Death related ced-3/Nedd-2-like caspase 
Droj2 DnaJ-like-2 
Ecc15 Erwinia carotovora carotovora 15 
E. coli Escherichia coli 
EDTA Ethylenediaminetetraacetic acid 
FCS Fetal calf serum 
GFP Green fluorescence protein 
GNBP Gram-negative bacteria-binding protein 
GRR Glycine-rich region 
GS Gene search system 
Gyc76c Gyanylyl cyclase at 76C 
HEK293 Human embryonic kidney cells 293 
HLH Helix loop helix motif 
HOP Hsp70/Hsp90 organizing protein 
HPD Histidine-proline-aspartate 
HRP Horse radish peroxidase 
HSC70-4 Heat shock protein 70 cognate 4 
HSF1 Heat shock factor 1 
 
HSP Heat shock protein 
IgG Immunoglobulin G 
IκB Inhibitor of kappa B 
IKK IκB kinase 
IL Interleukin 
IL-1R Interleukin-1 receptor 
Imd Immune deficiency 
IP Immunoprecipitation 
IRAK IL-1 receptor-associated kinase 
ird Immune response deficient 
KBD Kinase binding domain 
KD Kinase domain 
LB Luria-Bertani 
LC-MS Liquid chromatography-mass spectrometry 
LPS Lipopolysaccharide 
LZ Leucin-zipper motif 
mAb Monoclonal antibody 
MyD88 Myeloid differentiation primary gene 88 
NAK NF-κB-activating kinase 
NB Nutrient broth 
NBD NEMO binding domain 
NF-κB Nuclear factor kappa B 
NLS Nuclear localization signal 
NP-40 Nonidet P-40 
PBS Phosphate buffered saline 
PES 2-phenylethylene sulfonamide 
PEST Proline, glutamimate, serine, threonine-rich sequence 
PGRP Peptidoglycan recognition proteins 
PVDF Polyvinylidene difluoride 
RHD Rel homology domain 
RIP Receptor-interacting protein kinase 
RISC RNA-induced silencing complex 
 
RT Room temperature 
SDS Sodium dodecyl sulfate 
siRNA Small interfering RNA 
smFRET Single-molecule fluorescence resonance energy transfer 
spz Spaetzle 
SRD Signal-receiving domain 
S. saprophyticus Staphylococcus saprophyticus 
TA1 Transactivation domain 1 
TAB TAK1-binding 
TAD Transcription activation domain 
TAK Transforming growth factor-β-activated kinase 
TBS Tris buffered saline 
TIR Toll-IL-1R 
TLR Toll-like receptor 
TNFα Tumor necrosis factor α 
TRADD TNFR1-associated death domain protein 
TRAF TNF receptor-associated factor 
UAS Upstream activation sequence 
UBD Ubiquitin-binding domain 
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3 flagellin %$'ɤĈ³͉̪äőgY< TLRʹToll-like receptor͵́̋






 NF-κBk>t~(ͷh_&	!ͷRelAʹ NF-κB p65 ͷ͵RelBͷc-RelͷNF-κB1
ʹp50#'ìͬ³"8 p105 ͷ͵NF-κB2ʹ p52#'ìͬ³"8 p100͵"ȉ
Ʈ98͹NF-κBk>t~äő(ͷNǱʏÊ' RHDʹRel homology domain͵
<¥!qw8(n]́³<ƌƮͷDNA&ʦĚ8(11–13)͹NF-κB
'̙ÞȭƝ(ͷNF-κBk>t~'"2 RelAͷRelBͷc-Rel'/&œĴ8 C
ǱʏÊ' TADʹTranscription activation domain͵&»œ!81ͷp503 p52
̙ÞĬő#!ȏˆ8&( RelAͷRelBͷc-Rel #'ɱµəƚˬ#%8





6ͷNF-κB ( IκB #'ɱµə3ʽ˻ƒÁͩʧ/Ě˪͔
 ʱŢ%ȭ
ƝêƖ<đ!8͹ 
 IκB (ͷNF-κB '̙ÞȭƝ<Ƴêɩ&êƖ8 NF-κB ʦĚYgK̑k>t
~"8(11, 12)͹IκBYgK̑( NǱʏÊ& SRDʹ signal-receiving domain ͷ͵
ƙ̹& ARDʹankyrin repeat domain ͷ͵CǱʏÊ& PESTʹproline-ͷglutamate-ͷ
3 
serine-ͷ and threonine-rich sequence͵<Ǭ!	7ͷARD<¥! NF-κB#ʦ
Ě8ʹFig. 2 ͹͵ēÛɩ% IκBk>t~#! IκBαͷIκBβͷIκBεɸ69!
8ͷ IκBα(ͷRelAČ* p50#n]˪Ě³<ƌƮͷNF-κB' RHD&œ
Ĵ8ȁʇˣRLaʹNuclear Localization SignalͻNLS͵'ȏˆ<͋ŝ8
#"ͷ NF-κB 'ȁʇˣ<Ƴê8(11, 12)͹ǛͷIκBε ( RelA qw́³3
c-Rel/RelAn]́³'êƖ&ͷIκBβ( RelA/p50n]́³'ȁÜ"'ê
Ɩ&͉8#ʀĨ9!8 (8, 9, 12, 13)͹.ͷNF-κB p50Č* p52'
ìͬ³"8 p105ͷp1002' CǱʏÊ& ankyrin repeat<Àƻ!	7ͷ
99 IκBγͷIκBδ #2ġ)9ͷIκB k>t~'ȉƮĬő#ͥ°ȏˆ<Ǭ
8(15)͹ IκBγ( p50ͷRelAͷc-Rel#ͷIκBδ( RelB#ÐÓɩ&ʦĚͷ9
6<ʢ˄̑&Àƻ8(15, 17, 18)͹ IκBk>t~&(¦&2ͷIκBNS3 BCL3
#ǚ˯' IκB k>t~̡ƀ'ɺʋ"ěř9!	7ͷ'ȏˆ˳ǹ
̫169!8(19–21)͹ 






2 'ȭƝQlzb\_"8 IKKα# IKKβ'qw8(n]́³#ͷ
̆ʕQlzb\_"8 IKKγʹ NEMO 
͵6%8IaW˪Ě³"8ʹ Fig. 3 ͹͵
IKK ˪Ě³(ńȊ%ȏˆ<Ǭ!	7ͷɂɥͷF_k>SͷAT~R
LaͷDNA ǋÌƜʒʑ&	!̿ˬ%Ɛð<ǻ#ɸ69!8͹
IKKα# IKKβ&(ȉ̩ɩ&ͥ°Ɲʹľĺ̺æ 50%ͷ?td̺̽æ 70%͵́1
69ͷ92 N ǱʏÊ& KD (kinase domain)ͷ9&ʪ LZ (leucine-zipper 
motif)ͷHLH (helix loop helix motif) <Ǭ!8͹IKKαČ* IKKβ( LZ<¥
4 
!qw8(n]́³<ƌƮ!	7ͷHLH # KD ɱµə8#
"eQt'Ȋ%ƌɏ<#!8(23)͹.ͷIKKαČ* IKKβ( CǱʏÊ' NBD 
(NEMO binding domain) <¥! NEMO#ɱµə8͹NEMO(Ņ̹ä6
=ɏ'ȉ̩<YgK"7ͷHLX1ͷCC1ͷHLX2ͷCC2 #ġ)986




(HLX1#CC1'̹"ȉƮ98KBD (kinase binding domain) <¥! IKKα
Č* IKKβ' NBD&ʦĚ8#"n]Ī́³<ƌƮͷIKK˪Ě³'ȭƝ
ú&š8(5)͹ 
 IKK 'Ȯ"ÎRLa®̰ʥ̗& !2ͷäőȏȉ˿̆,69
!8͹ħͥ'ēÛɩNF-κBʥ̗&(ͷTLR/IL-1R (IL-1 receptor)ʥ̗ # TNF-α
ʥ̗' 2 8͹TLR/IL-1Rđş³&ʦĚ8#ͷTLR
Č* IL-1R 'ʢ˄Ü͢ĸ&œĴ8 TIR (Toll-IL-1R) `vA&  MyD88 
(myeloid differentiation primary gene 88) ʦĚͷMyD88 & IRAK (IL-1 
receptor-associated kinase) 1Č* IRAK4ʦĚ8͹'˪Ě³& TRAF6 (TNF 
receptor-associated factor 6) ~K_98(24)͹TRAF6	
ȏˆͷziI[ʦĚ̼ʟ' Ubc13/Uev1A##2& K63
͆<ƌƮ8(25) TRAF6 (ͷTRAF6 ˎ̘(26), TAK1 
(transforming growth factor-β-activated kinase 1)(27)ͷNEMO(28)&Ũ! K63
ú<̂ū8#ĻĞ9!8. ͆<̕




177ɟɯ# 181ɟɯͷIKKα( 176ɟɯ# 180ɟɯ͵~̽ú98#"ȭ
Ɲú98(23)͹ȭƝú9 IKK˪Ě³(ĺ̑"8 IκB' SRD&œĴ8
V~Șĺʹ32 ɟɯ# 36 ɟɯ͵<~̽ú8#"ͷIκB ' 48 ɟɯ'~R
Șĺ&	8r~ziI[ú<̂ū(14)ͷm]?Xuä˳+ū͹~
̽ú IκBα ú( SCFβ-TrCP	
˴Ő8͹
.ͷIKK˪Ě³( IκB'ä˳&ʪ! RelA'~̽ú%$2ˣ!	7(14, 
29)ͷNF-κBʥ̗'ȭƝú&	!͝Ž&̿ˬ%Ɛð<ǻ!8͹  
 ǛͷTNF-αʥ̗&	!(ͷTNFR1 TNF-αʦĚ8#ͷđ
ş³Ȯ& TRADD (TNFR1-associated death domain protein), TRAF2/5ͷc-IAP 
(cellular inhibitor of apoptosis protein) 1/2ͷRIP1 (receptor-interacting protein kinase 1) 
	(30). c-IAP1/2(ziI[~HW#!ȏˆͷRIP1'





































ɩ̶®ő"8ƴ˗pm[` Drosomycin %$'ɧɓ<̂ū8(45, 46)͹Ǜͷ
Imd ʥ̗(ͷɤĈ³́̋äő' PGRP (Peptidoglycan recognition proteins)-LC #
PGRP-LEL}u͏Ɲ˗'ƦǼ<́̋8#"ȭƝú98(47–49)͹ʢ˗Ʀ
Ǽ́̋98#ͷʢ˄Ü&	! Imd  caspase-8 ȊYgK DreddʹDeath 
related ced-3/Nedd-2-like caspase͵&5!åǙ9ͷE3 ~HW"8 Diap2
	5* E2ziI[ƶĚ̼ʟ#˪Ě³<ƌƮ8(50, 51)͹'˪Ě³( Tak1
# Tab2'ȭƝú<¥!ͷird5ʹ immune response deficient 5͵3 kenny#
7 
Ĭő&5!ȉƮ98R{BS{BfD IKK˪Ě³'ȭƝú<̂ū8(51)͹




ʥ̗"8 Tollʥ̗# Imdʥ̗'ʢ˄ÜRLa®̰(ͷħͥ' NF-κBʥ̗










<ɯɩ#!ͷR{BS{BfD' Gene Search SystemʹGS͵<ə!ͷȏˆɑ
ƕķ'̶®őǄʠ<Śǜ͹GSʜʨ#(R{BS{BfD'Ndu& UAS
ʹupstream activation sequence͵̺ æ<}Zu&ƿÖŅ˯Ȍ%ʜʨ}Al}





ɧɓ<̂ū8 heat shockmwY<əʹFig. 7 ͹͵96<ʤ/Ě;
8#&5!ͷɋëȿ&Ɯʒ GAL4ɧɓ»œɩ& UASȮ'̶®ő gene 
X<Ɗêɧɓ8#Ĕˆ#%8͹Ɗêɧɓ̶®őˎɆÕɢʜ<ȭƝú
8
ȅ˼81&ͷToll ʥ̗# Imd ʥ̗&57ɧɓêƖ98ƴ˗pm
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˯̶®ő#! Droj2 (CG8863) <ěř!8ʹFig. 9 ͹͵Droj2(ͷɫƝʤʵ
"̮ïɧɓ8#&57ͷˎɆÕɢRLa<ȭƝúͷȠʔ&	!ƴ
ɴ˗pm[`"8 Drosomycin'ɧɓ<Ɗ̂ū8(57)͹Droj2('?td
̺̽æ&ͷDnaJ`vAʹJ domain ͷ͵Zinc finger domainͷDnaJ C`vA<
ĝ0×͇ 403?td̽' DnaJȊYgK̑"7ͷORxpȭƝ<Ǭ8







ˬ"8##ʀ9!8(58). Zinc finger domain( CXXCXGXG' 4
 'ʶ7̢̺æ"ȉƮ9!	7ͷ8 ' Cys'Üͷìā#ƒā' 4 ' Cys










gK̑(ͷHSP70 ' ATPase ȭƝ< ̫8#&57 HSP70 'OkEv
R{łú<̂ūͷĺ̑#'˱ģƝ<Ĝ8#"YgK̑'kE
^@L<¿̫8(61) (Fig. 11)͹.ͷħͥ' DnaJYgK̑(ͷHSP70
+'ĺ̑YgK̑'̝̤2ƹ!8(60, 61)͹h_&	! HSP70( 13ʉ
ͥͷDnaJ YgK̑( 49 ʉͥœĴ8#ɸ69!	7ͷHSP70 (˪Ǖ'
DnaJ YgK̑<g_a&ƻ #"ͷȏˆ'ńȊƝ3ĺ̑ɎɠƝ<ɗ/















&9 (63)͹.ͷħͥ NF-κB ʥ̗&	!(
HSP90-Cdc37Rxp˪Ě³ IKKα/β/γ
6Ʈ8 IKK˪Ě³#ʦĚŖřú
8#"TNFα ëȿ»œɩ% NF-κB ʥ̗'ȭƝú<êƖ8#ʀ9














Figure 1 NF-κBk>t~'`vAȉ̩ 
 
 ɞŒ(99 Rel homology domainʹRHD ͷ͵Transcription activation domain
ʹTAD ͷ͵Leucine zipper motifʹLZ ͷ͵Glycine-rich regionʹGRR ͷ͵Ankyrin repeat
ʹANK ͷ͵Death domainʹDD͵<ʀ!8͹̙ÞȭƝ<ƹ TAD( Relk>
t~&'/œĴͷp52ͷp50 (̙ÞȭƝ<96'Ĭő#'ɱµə&»œ
!8͹ 
 p100ͷp105 ( C ǱʏÊ&ȁʇˣRLaʹNLS͵<͋ŝ8 ANK <Àƻ




Figure 2 IκBk>t~'`vAȉ̩ 
 
 ɞŒ(99 Ankyrin repeatʹANK ͷ͵proline-glutamate-serine-threonine-rich 






Figure 3 IKKk>t~'`vAȉ̩ 
 
 ɞŒ(99 Kinase domainʹ KD ͷ͵Leucine zipperʹ LZ ͷ͵Helix loop helix motif
ʹHLH ͷ͵NEMO-binding domainʹNBD ͷ͵Kinase-binding domainʹKBD ͷ͵
Ubiquitin-binding domainʹUBD ͷ͵Zinc finger motifʹZF͵<ʀ͹ 
 IKKα # IKKβ (̺æ'ɱěƝͰͷKD <Àƻ!	7ͷIKK 'IaW
ȭƝ<ƹ͹ȭƝú'RLa®̰&57 KD 'Ɏř'V~Șĺ~̽ú




Figure 4 R{BS{BfD NF-κBʥ̗ 
 







Figure 5 Tollʥ̗# TLRʥ̗'ɱěƝ 
 
 R{BS{BfD&	8 Tollʥ̗#ħͥ&	8 TLRʥ̗&(Ͱɱě
Ɲ/698͹R{BS{BfD' TollͷdMyD88ͷPelleͷCactusͷDif/Dorsal
(ͷħͥ' TLRͷMyD88ͷIRAKͷIκBͷNF-κB#ɱ͉!8͹  
16 
 
Figure 6 Imdʥ̗# TNF-αʥ̗'ɱěƝ 
 
 R{BS{BfD&	8 imdʥ̗#ħͥ&	8 TNF-αʥ̗&(Ͱɱ
ěƝ/698͹R{BS{BfD' ImdͷdFADDʹ ?ZmYäő ͷ͵Dreddͷ




Figure 7  GAL4/UASシステム 
 
 GAL4は酵母由来の転写活性化因子であり，UAS (upstream activation sequence)
に結合してその下流の遺伝子 geneX を転写促進する．本探索系では heat-shock
プロモーターの下流に GAL4 が連結されたショウジョウバエを GAL4 系統とし




Figure 8 ǚ˯ˎɆÕɢĬőʹă͕'1'ȏˆɑƕķǄʠʜ'Ȉˬ 
 
 ƴ˗pm[`rYDiptericin-lacZʹDpt-lacZ͵Č* Drosomycin-GFP














Figure 10 Droj2# E.coli DnaJ'ɱěƝ 
 
 Ț Droj2 (CG8863)ͷȚ E.coli DnaJ'?td̺̽æ"8͹DnaJ`v
A( DnaK#'ɱµə&ƚˬ#9ͷDnaK' ATPaseȭƝ<ëȿ8͹͛
ǗŒ"ʀhT[S-m~-?Tg}J̽ʹ HPD #͵̺æ DnaK
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Figure 11 DnaJČ* HSP70&58YgK̑kE^@Lȏȉ 
 
 DnaJČ* HSP70&58YgK̑kE^@L'äőȏȉ<ʀ͹DnaJ
YgK (J protein) ( HSP70' ATPaseȭƝ' ̫Č* HSP70+'ĺ̑'̝̤
<¥!YgK̑'kE^@L&͉8͹ 
  




























ATPase domain Peptide-binding domain
b
J domain
J proteins drive the multifunctionality of HSP70s. 
Although it is possible to imagine that the versatility of 
HSP70 function could be achieved primarily through the 
amplification and diversification of HSP70 genes during 
evolution3, this does not seem to be the case. The number 
of HSP70s in each cell is rather limited. However, J proteins 
often far outnumber HSP70s and NEFs in a cellular 
compartment12,13. For example, in mammals there is 
one type of HSP70 in mitochondria and one type in the 
endoplasmic reticulum (ER), and four and six J proteins, 
respectively12,13. Overall, humans have only 11 HSP70s 
and 13 NEFs, but 41 J proteins (FIG. 3; see Supplementary 
information S1 (figure)). In addition, and in contrast to 
HSP70, J proteins show a large degree of sequence and 
structural divergence (FIG. 3), consistent with the idea that 
they play a major part in driving the multifunctionality 
of the HSP70 machinery.
Diversity of J protein structure
The J domain is both the defining domain and the key 
to a functional interaction with HSP70s as it stimulates 
their ATPase activity12,13. However, many J proteins bear 
little if any sequence or structural similarity outside 
this domain (FIG. 3; see Supplementary information S2 
(figure)! and increasing evidence indicates that these 
non-homologous regions are primary determinants of 
HSP70 function.
J domain — the common denominator. J proteins, by 
definition, contain a highly conserved ~70 amino acid 
signature region, the J domain, which is named after 
the founding member, Escherichia coli DnaJ (FIG. 4a). 
Particularly conserved is a His, Pro and Asp tripeptide 
(HPD), which is in a loop between the two main helices 
(helix II and helix III). This HPD motif is crucial for 
J domain function; that is, stimulation of HSP70’s 
ATPase activity. The exact mechanism of J domain-
stimulated ATPase activity and the ensuing conform-
ational changes resulting in stabilization of client 
interaction remain a matter of debate. However, it is 
established that exposed residues of the J domain form 
a surface for HSP70 interaction14,15. Crucial interactions 
occur with HSP70’s ATPase domain and the adjacent 
flexible region, which links it to the client protein-
binding domain (FIG. 2). These interactions are crucial 
for transmitting the conformation change necessary for 
closing the peptide-binding pocket15–20.
J protein groups, structure and classification. The J pro-
tein family has often been referred to as the HSP40 
family; but, as most members have a molecular weight 
that differs greatly from 40 kDa, we refer to them as 
J proteins throughout this Review. Despite the omni-
present J domain, J proteins, as a group, are strikingly 
dissimilar, with various additional domains (FIG. 3, see 
Supplementary information S2 (figure)). Historically, 
J proteins have been divided into three classes (class I, 
II and III, also known as class A, B and C, respec-
tively)13,21-23, with class I designation being based on the 
motifs and domains present in E. coli DnaJ. Thus, by def-
inition, class I J proteins have an N-terminal J domain, 
followed by a Gly and Phe-rich region, four repeats of 
the CxxCxGxG type zinc finger motif and a C-terminal 
extension, which is now known to bind client pro-
teins24–26. This type of C-terminal region is composed 
of two barrel topology domains, C-terminal domain I 
(CTD I) and CTD II. CTD I has a hydrophobic pocket 
in which client proteins are thought to bind, as well as 
a zinc-finger domain extruding from it, which may 
Figure 2 | Canonical model of the core HSP70 machinery’s mode of action in 
protein folding and HSP70 structure. a | The mode of action of the heat shock 70 kDa 
protein (HSP70) core machinery, based on in vitro refolding studies of denatured proteins. 
J proteins bind to client proteins through their peptide-binding domain (1) and interact 
with HSP70–ATP through their J domain (2). The client rapidly, but transiently,  
interacts with the ‘open’ peptide-binding site of HSP70. ATP hydrolysis is stimulated by 
both the J domain and client, causing a conformational change in HSP70 that closes the 
helical lid over the cleft and stabilizes the client interaction, and the J protein then leaves  
the complex (3). A nucleotide exchange factor (NEF), which has a higher affinity for 
HSP70–ADP than HSP70–ATP, binds HSP70 (4). The ADP then dissociates through 
distortion of the ATP-binding domain (5), after which ATP binds to HSP70 (6). The client is 
released because of its low affinity for HSP70–ATP (7). ATP binding to HSP70 is favoured 
as cellular ATP concentrations are typically much higher than those of ADP. If the native 
state of the client is not attained on release, the J protein rebinds to its exposed 
hydrophobic regions and the cycle begins again. b | The structure of HSP70 with ADP 
bound to the nucleotide-binding domain135 (protein data bank code 2KHO). The ATPase 
domain and peptide-binding domain are connected by a short, flexible, hydrophobic 
linker. These domains dock when in the ATP-bound state, which is also thought to 
displace the lid, allowing easy access and egress of the client protein from the cleft17,136.
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ʐʕ Droj2 RNAiÃ³&	8ʢ˗ƦǼƷƴƝ'ȅ˷ 
 
 9."&ȏˆȑǋķłɠ³<ə˳ǹ&57ͷˎɆÕɢêƖ&͉8
Ȋ%äőěř9!8͹PGRP-SA Č* PGRP-SD (L}u͐Ɲ˗'ƦǼ








ȅ˷8Ʉ&ͷ̌ ˁ³" GAL4<ɧɓ8 c564-GAL4ʜʨ#ͷUASȮ& Droj2
<ȋɩ#ǲ͆ RNA<O`̺æ<ƻ ʜʨʹ UAS-Droj2 RNAiʹ II ͷ͵





















ɗœɒ²ͷƦǼŚͭȏˆ!8#<ʀʹFig. 13 ͹͵ 
 ȅ˷'ʦǻͷDroj2 RNAi Ã³"(ͷɗɕͧľȡ'ȪÖ3L}u͐Ɲ˗
Staphylococcus saprophyticusʹ S. saprophyticus͵'ƦǼ&Ũ!(̀ɗķÃ³#ě
ʈƆ'ɗœɒ<ʀʹ Fig. 13A, D ͵ǛͷL}u͏Ɲ˗"8 Escherichia coli
ʹE. coli͵Č* Ecc15'ƦǼ&Ũ!(ͷOregon R yellow̮ïɧɓÃ³#Ȟ















'd\KZB<ˣÃ³ʹc564>Droj2 RNAi (II)c564>Droj2 RNAi (III)͵	
5*O_Ã³ʹOregon Rͷc564>yellowͷRelishE20, spzrm7 ͵&L}u͏
Ɲ˗ʹEcc15ͷE. coli͵	5*L}u͐Ɲ˗ʹS. saprophyticus͵<×̘ƦǼͷ
ƦǼƒ 72ǧ͈."'ɗœɒ<ȹřʹ A. ɗɕͧľȡȪÖǧͷB. Ecc15ƦǼǧͷ
C. E. coliƦǼǧͷD. S. saprophyticusƦǼǧ ͹͵ȍ̚(ƦǼǏµƒ'ʥ̮ǧ͈<ͷ
ʲ̚(ƦǼ 3 ǧ͈ƒ'ɗœɒ< 100%#͒'ɱŨɩ%ɗœɒ<ʀ!8͹
ʹ**pͼ0.01; log-rank test͵  
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6 total RNA <ƸãͷDrosomycin 	5*
Diptericin ' mRNA ɧɓ́<ř́ PCR ȩ"ȹř͹ǲŚͭ&	!2ìʕě
ȊͷcH]@lO_#!ͷ̀ɗķʹOregon R͵	5* yellow̮ïɧ
ɓÃ³ʹ c564>yellow ͷ͵L}u͏Ɲ˗ƦǼ&Ũ8rS]@lO_#
! Relish ȏˆȑǋÃ³ʹRelishE20 ͷ͵L}u͐Ɲ˗ƦǼ&Ũ8rS]@lO
_#! späzle'ȏˆȑǋłɠ³ʹspzrm7͵<ə͹Ś͒ͷ˗ƦǼ&5
8ƴ˗pm[`'ɧɓ̂ū(ͷRelishłɠ3 spzłɠÃ³"(ŗ×&ȱňͷƦ
ǼŚͭ3ř́ PCRŚͭȏˆ!8#<ʀʹFig. 14 ͹͵ 
 ȅ˷'ʦǻͷL}u͏Ɲ˗"8 Ecc15ƦǼƒ' Diptericinɧɓ́(ͷO_
"8 Oregon R 3 yellow̮ïɧɓÃ³#Ȟ̛ͷDroj2d\KZBÃ
³&	!ǬƤ&²!͹.ͷěL}u͏Ɲ˗"8 E. coliƦǼ
ƒ' Diptericinɧɓ́2ͷ̀ɗķÃ³#Ȟ̛ Droj2d\KZBÃ³&	!
ǬƤ&²!͹ǛͷL}u͐Ɲ˗"8 S. saprophyticus ƦǼƒ'
Drosomycinɧɓ́(, ̀ɗķÃ³#Ȟ̛Droj2d\KZBÃ³"²ÍĜ"
ͷǬƤ%Ÿ(́169%
 (Fig. 14)͹ 
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6ˇˁ³Ɏɠɩ% Droj2 'd\KZB<ˣÃ³ʹc564>Droj2 
RNAi (II)c564>Droj2 RNAi (III) 	͵5*O_Ã³ʹ Oregon Rͷc564>yellowͷ
30 
RelishE20, spzrm7 ͵&L}u͏Ɲ˗ʹEcc15ͷE. coli͵	5*L}u͐Ɲ˗ʹS. 
saprophyticus͵<×̘ƦǼͷL}u͏Ɲ˗ƦǼ(ƦǼ 6ǧ͈ƒ&ͷL}u͐
Ɲ˗ƦǼ(ƦǼ 24 ǧ͈ƒ&Ã³'×̘
6 total RNA <Ƹãͷ99
Diptericin .( Drosomycin ' mRNA ɧɓ́<ř́ PCR &57ȹřʹA. 
Ecc15ƦǼǧͷB. E. coliƦǼǧͷC. S. saprophyticusƦǼǧ ͹͵ʲ̚( Diptericin
.( Drosomycin'ɧɓ́< rpL32'ɧɓ́"ȋȻúÆ<ʀ!8͹ʹ*p
ͼ0.05ͷNSͻnot significant͵  
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 'ʦǻͷPGRP-LEͷImdͷDreddͷČ* Relish '̮ïɧɓ',!'ļĚ&
	!ͷěǧ& Droj2'd\KZB<ˣÃ³"(ͷImdʥ̗Ĭőʹ'̮ï
ɧɓ'/<ˣÃ³#Ȟ̛!ͷDiptericin'ɧɓ́²!ʹ Fig. 15 ͹͵  
 'ʦǻ






Figure 15 Droj2 RNAiÃ³<əDjTYRT˳ǹ 
 
 Ƃ˞'ˇˁ³"Ɗ GAL4<ɧɓ8 Collagen (Cg)-GAL4<ə!ͷImdʥ
̗<ȉƮ8Ĭő"8 PGRP-LEͷimdͷDreddͷČ* Relish'̮ïɧɓ#ěǧ
& Droj2' RNAi<ˣͷƂ˞Ã³' Diptericin'ɧɓ́<ř́ PCR&57ȹř
ʹA. PGRP-LE̮ïɧɓͷB. imd̮ïɧɓͷC. Dredd̮ïɧɓͷD. Relisḫ
DNAJA3 Is Required for I!B Phosphorylation—Western blot
analysis of human DNAJA3 revealed that flagellin-induced
NF-!B accumulation in the nucleus was suppressed in DNAJA3
knockdown cells (Fig. 6, A and B). This finding indicates that
DNAJA3 functions upstream of NF-!B nuclear translocation.
Analysis of Drosophila Droj2 suggested that Droj2 works genet-
ically downstream of Relish or in the regulation of Relish (Fig. 4,
A–D). Relish protein contains the N-terminal Rel homology
domain and the C-terminal I!B-like ankyrin repeat domain
(57). We hypothesized that human Droj2 functions around I!B
and NF-!B. Phosphorylated I!B is subjected to protein degra-
dation, and phosphorylation of the NF-!B p65 subunit occurs
with I!B dissociation and is important for its nuclear translo-
cation (13). Western blot analysis for the phosphorylated I!B"
and NF-!B p65 revealed that the increase in phosphorylated
I!B" and p65 following flagellin stimulation was not observed
in DNAJA3 knockdown cells (Fig. 6C). Consistent with this, the
decrease in the amount of total I!B" protein following flagellin
stimulation was not detected in DNAJA3 knockdown cells. Less
I!B signal before stimulation in DNAJA3 knockdown cells
would be due to the fact that I!B is a transcriptional target of
NF-!Bs (58). These findings suggest that DNAJA3 is required
for the phosphorylation of I!B". IKK is the kinase responsible
for NF-!B phosphorylation. Fig. 6D shows that overexpression
of the catalytic IKK# subunit induced the phosphorylation of
p65 and that phosphorylation was attenuated in DNAJA3
knockdown cells. This finding indicates that DNAJA3 func-
tions downstream of IKK.
Discussion
Although the NF-!B signaling pathway is well studied
because of its importance in many biologic processes, the com-
plete picture of the complex molecular mechanisms of this
pathway have not yet been elucidated. In this study, we identi-
fied the cochaperone Droj2, which is involved in the Imd path-
way, a Drosophila NF-!B pathway, from our genome-wide
gain-of-function screening in flies. Epistatic analysis revealed
that Droj2 functions downstream of, or parallel to, NF-!B Rel-
ish, and a cell culture assay revealed that Droj2 is prerequisite to
the nuclear translocation of Relish, suggesting that Droj2 func-
FIGURE 4. Droj2 functions genetically downstream of, or parallel to, PGRP-LE, imd, Dredd, and Relish. A–D, quantitative RT-PCR analysis of Diptericin
expression following overexpression of PGRP-LE (A), imd (B), Dredd (C), and Relish (D) in larvae carrying UAS-lacZ or UAS-Droj2-RNAi-2. Cg-GAL4 was used to drive
the Imd pathway components, and the level of Diptericin expression in each overexpression line was set to 1. The experiments were repeated two to three times
and yielded similar results. Data were analyzed using Student’s t test, and values represent the mean ! S.E. of triplicate samples. *, p " 0.05; **, p " 0.01.
Droj2/DNAJA3 Regulates NF-!B Signaling in Drosophila/Humans




















ïɧɓ ͹͵ʲ̚( Diptericin 'ɧɓ́< rpL32 'ɧɓ́"ȋȻú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6ͷ̌ ˁ³&	! Droj2' RNAi<ˣÃ³"(ͷL}u͏Ɲ˗
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~v}W II'~K_3ȋɩ̶®ő'̙Þ̂ū&(Drosophila IKKʹ dIKK͵
˪Ě³&58 Relish NǱʏ'~̽ú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&	8 Droj2 #ěȊ&ͷħͥ' NF-κB ʥ̗'ȭƝú&ƚˬ#98vf
<Ǆʠ,ͷƋɺʋś'ʚÜÁŁh_Ĺͪʢ˄"8 HEK293 (Human 




5! flagellin ëȿ»œɩ% NF-κB ȭƝú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(73)͹'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6ͷIκBαČ*NF-κB p65'~̽ú&( IKK˪Ě³# IκBα
Č* NF-κB'ɱµə̿ˬ"8#ɸ69!8(74)͹"ͷDNAJA3
 IKK˪Ě³# IκBαČ* NF-κB p65'ɱµə&͉8
ȅ˼͹ 
 ǲŚͭ"(ͷDNAJA3 'd\KZB<ˣ HEK293 ʢ˄'ʢ˄ȼ˳Ȳ&
	!ͷIKK˪Ě³'ȉƮĬő' 1 "8 IKKβ&Ũ8ƴ³<əÕɢȥ
͌ʹ immunoprecipitation; IP Ś͵ͭ<ˣͷIKKβ# IκBαČ* NF-κB p65'ɱµ
ə& !BDTYl\_˳ǹ&57ɽ́͹ 
 .Ŏ1&ͷ IP <ˣ%!% input 'Qm"ͷO_




ŭ!͹ǛͷIKKβ &Ũ8 IP <ˣQm"(ͷO_ʢ
˄" IκBαČ* NF-κB p65'RLa˲Ŧ9ͷDNAJA3d\KZBʢ
˄"(ͷO_ʢ˄#Ȟ̛! IκBαČ* NF-κB p65'RLaȷƉ
! (Fig. 16, 17)͹  
 '#
6ͷDNAJA3 NF-κB p65'ŖřƝ3ͷIKKβͷIκBαͷNF-κB p65















Figure 17 BDTYl\_˳ǹ'f`'ř́ 
 
 Figure 16'BDTYl\_˳ǹ'f`& !ͷImageJ<ə!RL
aƊƆ<ř́͹InputQm(ęȋɩäő'RLa< α-tubulin'RL
a"ȋȻú͹ʲ̚(O_ʹNon-Target siRNA âʷ͵ʢ˄'RL
aÆ< 100%#ǧ' DNAJA3 d\KZBʢ˄&	8ȋɩäő'RL
aÆ<ɱŨÆ"ʀ!8͹ȍ̚(ūÖ siRNA 'ʉͥ#BDTYl
\_˳ǹ'ȋɩäő<ʀ!8͹  
stimulated with the TLR5 ligand flagellin. We found that the NF-kB
reporter activity stimulated by flagellin was suppressed by PES in a
concentration-dependent manner (Fig. 2A). Next, we analyzed the
IKKb/IkBa/NF-kB p65 complex under this condition. Co-
immunoprecipitation experiments revealed that the interactions
of IKKb with IkBa and NF-kB p65 were inhibited by PES treatment
(Fig. 2B and C). Consequently, the phosphorylation of NF-kB p65
induced by flagellin stimulation was suppressed by PES treatment,
whereas the phosphorylation of IkBawas not impaired (Fig. 2D and
E). These findings suggest that HSP70s regulate NF-kB activity
through stabilizing the IKKb/IkBa/NF-kB p65 complex.
3.3. DNAJA3 interacted with some HSP70 family proteins
The human HSP70 family has 13 members, and PES inhibits
HSP70 [17,18]. Therefore, we sought to identify the HSP70 family
proteins interacting with DNAJA3 in vivo. For this purpose, Flag-
tagged DNAJA3 protein was transiently expressed in HEK293 cells,
and its interacting proteins were co-immunoprecipitated from the


























































Fig. 1. Western blotting analysis of the IKKb/IkBa/NF-kB p65 complex under DNAJA3 knockdown. (A) HEK293 cells were transfected with DNAJA3 or control (non-target) siRNA. Cell
lysates (Input) were immunoprecipitated with anti-IKKb antibody (IP). Western blotting analysis was performed using anti-IKKb, IkBa, NF-kB p65, DNAJA3, and a-tubulin anti-
bodies. (B) Quantifications of the band intensity in A. The relative values normalized by the intensity of control cells are shown. Similar results were obtained from two or three
































































































Fig. 2. Effects of the HSP70 inhibitor on NF-kB activity and the IKKb/IkBa/NF-kB p65 complex. (A) Luciferase reporter assay in HEK293 cells transfected with NF-kB-Luc, treated with
PES, and stimulated with flagellin. Values represent the mean± S.E. of triplicate samples. (B) Western blot analysis of cell lysates after the PES-treatment. The following antibodies
were used: anti-IKKb, anti-IkBa, antieNFekB p65, and anti-actin. (C) Quantifications of the band intensity in B. The relative values normalized by the intensity of control (DMSO-
treated) cells are shown. (D) Cell lysates (Input) were immunoprecipitated with anti-IKKb antibody (IP). Western blotting analysis was performed using the following antibodies:
anti-phospho-IKKa/b, IKKb, phospho-IkBa, IkBa, phosphoeNFekB p65, NF-kB p65, HSP70, and actin antibodies. (E) Quantification of the band intensity in D. The relative values
normalized by the intensity of control cells are shown. Similar results were obtained from two or three independent experiments (data not shown).
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ʐʕ HSP70<͋ŝ HEK293ʢ˄&	8 NF-κBʥ̗ȭƝú'ȅ˼ 
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œɩ% NF-κB rYȭƝ'Ǣ́169'&ŨͷPES <âʷʢ









Figure 18 HSP70͋ŝîâʷʢ˄&	8 NF-κBȭƝúȅ˼ 
 
 HEK293ʢ˄& 2ʉͥ'rYm}Tt`ʹ Elam-Luc	5* pRL-TK <͵
ūÖͷHSP70 ͋ŝî"8 PES <âʷƒͷTLR5 '?PbT_"8





	5* flagellinëȿ'ǬɅ<ʀ!8͹  
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ʐʕ HSP70<͋ŝ HEK293ʢ˄&	8 IKKβ# IκBαČ* NF-κB p65
'ɱµə˳ǹ 
 
 ìʕ"(ͷh_Ĺͪʢ˄&	! HSP70 DNAJA3#ěȊ&ͷflagellinëȿ
&¯ NF-κB RLa'ȭƝú&͉8#ǣ6
#%͹.ͷǲʎ





Č* NF-κB p65'ɱµə<ȅ˷͹ 
 ǲŚͭ"(ͷPES<âʷ HEK293ʢ˄'ʢ˄ȼ˳Ȳ&	!ƴ IKKβƴ³
<ə IPŚͭ<ˣͷIKKβ# IκBαČ* NF-κB p65'ɱµə& !BD
TYl\_˳ǹ&57ɽ́͹ 
 ȅ˷'ʦǻͷinput 'Qm"(ͷ9'Ĭő& !2O_"
8DMSOâʷʢ˄# PES<âʷʢ˄"RLa'Ÿ́169%
͹
ǛͷIKKβ &Ũ8 IP <ˣQm"(ͷO_ʢ˄"́169














Figure 19 HSP70<͋ŝʢ˄&	8 IKKβͷIκBαͷNF-κB p65'ɱµə
˳ǹ 
 








Figure 20 BDTYl\_˳ǹ'f`'ř́ 
 
 Figure 18'BDTYl\_˳ǹ'f`& !ͷImageJ<ə!RL





stimulated with the TLR5 ligand flagellin. We found that the NF-kB
reporter activity stimulated by flagellin was suppressed by PES in a
concentration-dependent manner (Fig. 2A). Next, we analyzed the
IKKb/IkBa/NF-kB p65 complex under this condition. Co-
immunoprecipitation experiments revealed that the interactions
of IKKb with IkBa and NF-kB p65 were inhibited by PES treatment
(Fig. 2B and C). Consequently, the phosphorylation of NF-kB p65
induced by flagellin stimulation was suppressed by PES treatment,
whereas the phosphorylation of IkBawas not impaired (Fig. 2D and
E). These findings suggest that HSP70s regulate NF-kB activity
through stabilizing the IKKb/IkBa/NF-kB p65 complex.
3.3. DNAJA3 interacted with some HSP70 family proteins
The human HSP70 family has 13 members, and PES inhibits
HSP70 [17,18]. Therefore, we sought to identify the HSP70 family
proteins interacting with DNAJA3 in vivo. For this purpose, Flag-
tagged DNAJA3 protein was transiently expressed in HEK293 cells,
and its interacting proteins were co-immunoprecipitated from the


























































Fig. 1. Western blotting analysis of the IKKb/IkBa/NF-kB p65 complex under DNAJA3 knockdown. (A) HEK293 cells were transfected with DNAJA3 or control (non-target) siRNA. Cell
lysates (Input) were immunoprecipitated with anti-IKKb antibody (IP). Western blotting analysis was performed using anti-IKKb, IkBa, NF-kB p65, DNAJA3, and a-tubulin anti-
bodies. (B) Quantifications of the band intensity in A. The relative values normalized by the intensity of control cells are shown. Similar results were obtained from two or three
































































































Fig. 2. Effects of the HSP70 inhibitor on NF-kB activity and the IKKb/IkBa/NF-kB p65 complex. (A) Luciferase reporter assay in HEK293 cells transfected with NF-kB-Luc, treated with
PES, and stimulated with flagellin. Values represent the mean± S.E. of triplicate samples. (B) Western blot analysis of cell lysates after the PES-treatment. The following antibodies
were used: anti-IKKb, anti-IkBa, antieNFekB p65, and anti-actin. (C) Quantifications of the band intensity in B. The relative values normalized by the intensity of control (DMSO-
treated) cells are shown. (D) Cell lysates (Input) were immunoprecipitated with anti-IKKb antibody (IP). Western blotting analysis was performed using the following antibodies:
anti-phospho-IKKa/b, IKKb, phospho-IkBa, IkBa, phosphoeNFekB p65, NF-kB p65, HSP70, and actin antibodies. (E) Quantification of the band intensity in D. The relative values
normalized by the intensity of control cells are shown. Similar results were obtained from two or three independent experiments (data not shown).
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ʐĪʕ HSP70<͋ŝHEK293ʢ˄&	8 IκBαČ*NF-κB p65'~̽
ú'˳ǹ 
 
 ìʕ"(ͷh_Ĺͪʢ˄&	! HSP70  DNAJA3 #ěȊ&ͷ
IKKβ/IκBα/NF-κB p65 'ȔŽ%˪Ě³ƌƮ<êƖ8#" NF-κB RLaê
Ɩ&͉!8ĔˆƝʀĨ9͹"Ȓ&ͷHSP70ͷIKKβ/IκBα/NF-κB 
p65'˪Ě³ƌƮ'êƖ##2&ͷNF-κBRLaȭƝú'̿ˬ%T]\m"
8 IκBαČ* NF-κB p65'~̽ú&2͉8
ȅ˼͹ 
 ǲŚͭ"(ͷPESâʷ	5* flagellinëȿ<ˣ HEK293ʢ˄&	!ͷ~
̽ú IκBα	5*~̽úNF-κB p65<Ɏɠɩ&́̋8ƴ³<əBDT
Yl\_˳ǹ<ˣ͹ 
 ȅ˷'ʦǻͷO_"8 DMSO<âʷʢ˄"( flagellinëȿ&
»œ! IκBα	5* NF-κB p65'~̽ú ̫!ͷO_ʢ
˄#Ȟ̛ PES<âʷʢ˄"(ͷflagellinëȿ»œɩ% NF-κB p65'~̽
úɁƆ»œɩ&Ƴê9!ʹFig. 21, 22 ͹͵ǛͷIκBα'~̽ú&Ũ
!(ͷPESâʷ'Ə͟́169%
ʹFig. 21 ͹͵.ͷDMSO<âʷ
ʢ˄"(ͷIκBα 'm]?Xuä˳<Ďǥ!ͷflagellin ëȿ»œɩ% IκBα
ɛǶ'RLa'ȷƉˮ69ͷPES<âʷʢ˄"( IκBα'ȷƉ&Ũ
!2Ə͟́169%
ʹFig. 21 ͹͵ 
 '#
6ͷHSP70 NF-κB p65'~̽ú<êƖ8#" NF-κBȭƝ
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6ͷDNAJA3 'd\KZB<
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(73)









Figure 21 HSP70<͋ŝʢ˄&	8~̽ú IκBαͷNF-κB p65'BDT
Yl\_˳ǹ 
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Figure 22 BDTYl\_˳ǹ'f`'ř́ 
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stimulated with the TLR5 ligand flagellin. We found that the NF-kB
reporter activity stimulated by flagellin was suppressed by PES in a
concentration-dependent manner (Fig. 2A). Next, we analyzed the
IKKb/IkBa/NF-kB p65 complex under this condition. Co-
immunoprecipitation experiments revealed that the interactions
of IKKb with IkBa and NF-kB p65 were inhibited by PES treatment
(Fig. 2B and C). Consequently, the phosphorylation of NF-kB p65
induced by flagellin stimulation was suppressed by PES treatment,
whereas the phosphorylation of IkBawas not impaired (Fig. 2D and
E). These findings suggest that HSP70s regulate NF-kB activity
through stabilizing the IKKb/IkBa/NF-kB p65 complex.
3.3. DNAJA3 interacted with some HSP70 family proteins
The human HSP70 family has 13 members, and PES inhibits
HSP70 [17,18]. Therefore, we sought to identify the HSP70 family
proteins interacting with DNAJA3 in vivo. For this purpose, Flag-
tagged DNAJA3 protein was transiently expressed in HEK293 cells,
and its interacting proteins were co-immunoprecipitated from the


























































Fig. 1. Western blotting analysis of the IKKb/IkBa/NF-kB p65 complex under DNAJA3 knockdown. (A) HEK293 cells were transfected with DNAJA3 or control (non-target) siRNA. Cell
lysates (Input) were immunoprecipitated with anti-IKKb antibody (IP). Western blotting analysis was performed using anti-IKKb, IkBa, NF-kB p65, DNAJA3, and a-tubulin anti-
bodies. (B) Quantifications of the band intensity in A. The relative values normalized by the intensity of control cells are shown. Similar results were obtained from two or three
































































































Fig. 2. Effects of the HSP70 inhibitor on NF-kB activity and the IKKb/IkBa/NF-kB p65 complex. (A) Luciferase reporter assay in HEK293 cells transfected with NF-kB-Luc, treated with
PES, and stimulated with flagellin. Values represent the mean± S.E. of triplicate samples. (B) Western blot analysis of cell lysates after the PES-treatment. The following antibodies
were used: anti-IKKb, anti-IkBa, antieNFekB p65, and anti-actin. (C) Quantifications of the band intensity in B. The relative values normalized by the intensity of control (DMSO-
treated) cells are shown. (D) Cell lysates (Input) were immunoprecipitated with anti-IKKb antibody (IP). Western blotting analysis was performed using the following antibodies:
anti-phospho-IKKa/b, IKKb, phospho-IkBa, IkBa, phosphoeNFekB p65, NF-kB p65, HSP70, and actin antibodies. (E) Quantification of the band intensity in D. The relative values
normalized by the intensity of control cells are shown. Similar results were obtained from two or three independent experiments (data not shown).
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Figure 23 DNAJA3'd\KZB<ˣ HEK293ʢ˄&	8 Flaggelinë
ȿ»œɩ%~̽ú IκBα	5* NF-κB p65'BDTYl\_˳ǹ 
 
 ʚÜÁŁ&57ͷDNAJA3 'd\KZB<ˣ HEK293 ʢ˄< flagellin

















! DnaJ k>t~( HSP70 k>t~57ńǕœĴʹh_ DnaJ ( 49 ʉ
ͥ ͷ͵9( DnaJ ńȊ%ĺ̑&ŨƜ8#ʿ#Ěː82'"8͹
ª'#





 ǲŚͭ"(ͷCǱʏÊ& FLAGYL<§ò DNAJA3ʹ DNAJA3-FLAG͵<
ɧɓ8oKY< HEK293ʢ˄&ūÖͷ'ʢ˄'ȼ˳Ȳ&	!ƴ FLAG

















Y ͷ͵PABPC1ʹpre-mRNA 'Tm}ARL&͉8r~ A ʦĚYgK
̑ ͷ͵XRCC6ʹǋÌǲ͆ DNA'Ǳʏ&ʦĚ͝ɱěǱʏʦĚ&̿ˬ%Ɛ
ð<ǻYgK̑ ͷ͵AIFM1ʹ ?r_RTêƖYgK̑ ͷ͵DDX3Xʹ RNA















"ɠ%8 HSP70#'ɱµəȅã98ĔˆƝ2ʿ698͹  
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Figure 24 DNAJA3-FLAG̮ïɧɓʢ˄&	8ƴ FLAGƴ³<ə IPQ
m' SDS-PAGE 
 





!	7ͷLC−MS˳ǹ&ºf`<Ͷ"ʀ!8͹   
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Figure 25 HSPA1AͷHSPA8ͷHSPA9d\KZBʢ˄&	8 NF-κBȭƝú
ȅ˼ 
 
 HSPA1AͷHSPA8ͷHSPA9&Ũ8 siRNA<ūÖ HEK293ʢ˄& 2ʉͥ
'rYm}Tt`ʹElam-Luc	5* pRL-TK͵<ūÖƒͷTLR5'?









Figure 26 HSPA1AͷHSPA8ͷHSPA9 d\KZBʢ˄&	8ȋɩ̶®őɧ
ɓ́˽¼ 
 
 HSPA1AͷHSPA8ͷHSPA9&Ũ8 siRNA<ūÖ HEK293ʢ˄
6 total 
RNA <Ƹãͷř́ PCR &!ȋɩ̶®ő' mRNA ɧɓ́<ɽ́͹L}k
'ʲ̚(Non-target siRNA<ūÖʢ˄&	8Æ<1#͒'ɱŨÆ"˦
ʀ!8͹ȍ̚(ūÖ siRNA'ʉͥ<ʀ!8͹  
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ʐʕ HSPA1AͷHSPA8ͷHSPA9d\KZBʢ˄&	8 IκBαČ* NF-κB 
p65'~̽ú˳ǹ 
 






 HSPA1Aʹ #1 ͷ͵HSPA8ʹ #1 ͷ͵
HSPA9ʹ#2͵' siRNA <ūÖʢ˄&	! flagellin ëȿ<ˣͷ~̽ú
IκBα	5*~̽ú NF-κB p65<Ɏɠɩ&́̋8ƴ³<əBDTYl
\_˳ǹ<ˣ͹ 













"8 Non-Target siRNAūÖʢ˄#Ȟ̛ͷę HSP70'd\KZB<
ˣʢ˄&	!ͷDNAJA3'ɧɓ́&łú(́169%
ʹFig. 27 ͹͵






58 NF-κB p65'~̽ú'Ƴê(ÝɓƝɽ́9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Figure 27 HSPA1AͷHSPA8ͷHSPA9d\KZBʢ˄&	8~̽ú IκBαͷ
NF-κB p65'BDTYl\_˳ǹ 
 
 HSPA1AͷHSPA8ͷHSPA9&Ũ8 siRNA<ūÖ HEK293ʢ˄< flagellin
"ëȿ͒'ʢ˄ȼ˳Ȳ&	!ͷ~̽ú IKKα (Ser176) /IKKβ (Ser177)ͷ
IκBα (Ser32) 	5* NF-κB p65 (Ser536) 'ƴ³<əBDTYl\_<
ˣ͹ 
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'ÜͷC Ǳʏ̙ÞȭƝú`vAʹTA1͵Ü' Ser536 '~̽ú& !ȅ˼
͹Ser536'~̽ú(ͷTNFα3 IL-1ͷLPSʑ'ëȿ&57̂ū98#
ɸ69!	7(81, 82)ͷ'êƖ( IKKα3 IKKβƹ!8#ʿ69!
8(81)͹ǲȅ˷&	!ͷHSP70͋ŝî<âʷʢ˄"(ͷIKKβ# NF-κB p65
'ɱµəȷƉ!#
6ͷɱµə'²&5! NF-κB p65 '~
̽ú²ĔˆƝ8͹ǛͷSer536'~̽ú( IKK͉̪IaW










ɸ69!	7ͷDNAJA3 ( HSP90 #2ɱµə8(85)#<ʿĚ;8












# HSP70͋ŝîâʷ"(ͷIKKβ# IκBα8( NF-κB p65'ɱµə+'Ə

































&͉8 HSP70 # DnaJ 'ʤ/Ě;<ǣ6
&,ͷDNAJA3 #ɱµ
ə8 HSP70'ěř<̫1͹'ʦǻͷŭ%#2 HEK293ʢ˄" HSPA1Aͷ
HSPA8ͷHSPA9 DNAJA3#ɱµə8ĔˆƝʀĨ9͹HSPA1A(T
_T̂ūķ' HSP70#9!	7ͷɋ3²̽ʟͷ̽úT_TͷpHͷ̿͂Ű












(t_O`~?&ŮĴ8 HSP70 "7(78)ͷDNAJA3 (ʢ˄̑Č*t_O
`~?&ŮĴ8(79)#







 ¤īͷDNAJA3#'ɱµəʀĨ9 HSPA1AͷHSPA8ͷHSPA9& 







#ʿ698͹HSPA1AČ* HSPA8 IKKβ/IκBα/NF-κB p65'˪Ě³ƌƮêƖ
&͉8
& !(ȅ˷ƚˬ#ʿ698͹ 

















6ͷ'êƖȏȉ&2ńȊƝ8#ʿ69!	7ͷ' 1  <ƹ!
8'đş³'ńȊƝ"8͹h_"(10ʉͥ'ȏˆɩ%TLRɸ69!	7ͷ
99ɤĈ³ɛǶ'ɠ%8~H`<́̋8#"Ȯ'RLa®̰








 ǲȅ˷"(ͷʢ˗ƦǼ&Ɯʒ8 NF-κB ʥ̗"8#ͷTLR/IL-1R ʥ̗#
TNF-αʥ̗" IKK˪Ě³Ȯ'T]\m(ě"8#
6ͷflagellinëȿ&
58 TLR5 »œɩ% NF-κB ȭƝú& !'/ȅ˼͹
ͷ'¦'ë

































DNAJA3 IKKβ/IκBα/NF-κB p65˪Ě³ƌƮČ* NF-κB p65~̽ú<êƖ
8#" NF-κBRLa<ȭƝú8#ʀĨ9͹6&ͷNF-κBȭƝ
















 ìʎ"(ͷh_Ĺͪʢ˄&	!ORxp"8 DNAJA3 Č*Rxp
"8HSP70 IKKβ/IκBα/NF-κB p65'ȔŽ%˪Ě³ƌƮ'¿̫#NF-κB p65
'~̽úêƖ<¥! NF-κBȭƝú&͉8#ͷDNAJA3 13ʉͥ8
h_ HSP70 ' HSPA1AͷHSPA8ͷHSPA9 #ɱµə8#ͷ96'













' HSPA8 & !ͷR{BS{BfD"ǫ2qwSͰäő(
HSC70-4ʹHeat shock protein 70 cognate 4͵"8ʹTable 1 ͹͵̮Ċ'ɺʋ
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ɧɓ8 c564-GAL4ʜʨ&ͷUAS'Ȯ& HSC70-4<ȋɩ#ǲ͆ RNA








 ȅ˷'ʦǻͷHSC70-4 'd\KZB<ˣ 2 ʜʨ'9&	!2
HSC70-4'ɧɓ²́169ʹFig. 28 ͹͵  
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#!ˇˁ³Ɏɠɩ GFP RNAiÃ³ͷrS]@lO_#! Imdʥ̗
' NF-κB"8 Relish'ȏˆȑǋÃ³ʹrelishE20͵<ə͹  






























ʹEcc15͵<×̘ƦǼͷƦǼƒ 8 ǟ."'ɗœɒ<ȹřʹŶį. ɗɕͧ
ľȡȪÖǧͷėį. Ecc15ƦǼǧ ͹͵ȍ̚(ƦǼƒ'ʥ̮ǟǕ<ͷʲ̚(ƦǼ 3ǧ
͈ƒ'ɗœɒ< 1.0#͒'ɱŨɩ%ɗœɒ<ʀ!8͹ʹ*pͼ0.05; log-rank 


















ɧɓ́<ř́ PCRȩ"ȹř͹  
 ȅ˷'ʦǻͷO_' GFP d\KZBÃ³"(ͷEcc15 ƦǼ»œɩ
& Diptericin'ɧɓ̂ūȅã9͹HSC70-4'd\KZB<ˣÃ³'
 1ʜʨ (#1) "(ͷDiptericinɧɓǢǬƤ&Ƴê9ʹ Fig, 30 ͹͵Ǜͷ
HSC70-4 d\KZBÃ³'2 1 ʜʨ  (#2) "(ͷEcc15 ƦǼ»œɩ%
DiptericinɧɓǢƳê9%
͹ 




HSC70-4 RNAi' 2ʜʨ͈" Diptericinɧɓ+'Ə͟&Ÿˮ69#&͉
!(ͷHSC70-4 'd\KZBõɒ&ʜʨ͈"Ÿ8ĔˆƝ8ʹʿŦċ
ɇ ͹͵  
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 ʐʎ"(R{BS{BfD'ORxp"8 Droj2& !ͷ̌ ˁ³Ɏ











Imd ʥ̗'̙ÞĬő"8 Relish &µə8
ͷ'Ȯ"ȏˆ8ĔˆƝ
ʀĨ9ͷDredd&58 Relish CǱʏÊ'åǙͷdIKK˪Ě³&58 Relish'~
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 Droj2('?td̺̽æ& J domain3 Zinc finger domain%$ɎƘɩ%ȉ̩
<Ǭ!	7ͷħͥ&	!2ʝ 50ʉͥ'ORxpYgK̑
6ȉƮ
98 DnaJ k>t~#!Àœ9!8͹'5% DnaJ k>t~'
ͷR{BS{BfD&	8 Droj2 #ěȊ&ͷħͥ' NF-κB ʥ̗'ȭƝ
ú&ƚˬ#98vf<Ǆʠ,ͷƋɺʋś'ʚÜÁŁh_Ĺͪʢ˄
"8 HEK293ʢ˄<ə˳ǹ<̫1͹˪ Ǖ' DnaJk>t~YgK̑
 TLR5 ~H`"8 flagellin ëȿ»œɩ% NF-κB ȭƝú&͉8#
ǣ6












/͹HSP70 ͋ŝî<âʷʢ˄"(ͷflagellin ëȿ&¯ NF-κB ȭƝú
Ƴê9ͷNF-κBȭƝú&̿ˬ%T]\m"8 NF-κB p65'~̽ú2Ƴê
9#
6ͷHSP70 NF-κB p65'~̽úêƖ<¥! NF-κB<ȭƝú
8#ʀĨ9͹.ͷDNAJA3 'd\KZB<ˣʢ˄ͷ8
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( HSP70͋ŝî<âʷʢ˄"(ͷIKKβ# IκBα8( NF-κB p65'ɱ
µəȷƉ!8#ǣ6
#%7ͷDNAJA3 # HSP70 (Ú&
IKKβ/IκBα/NF-κB p65'˪Ě³ƌƮ<êƖ!8ĔˆƝʀĨ9͹ǲȅ˷




͹ĔˆƝ' 1  
#!ͷHSP70 Č* DNAJA3  IKKβ 'ȉ̩łú<ƈ̒#"ɱµə
&̳OkEvR{&À #ʿ698͹Ś͒&ȉ̩łúɗ
!8
<ɽ́8Ʉ'Ǜȩ' 1  #!ͷăäőˠÔÚͱDcJ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 HSP70&58 NF-κB p65'~̽úêƖ& !(ͷIKKβ/IκBα/NF-κB p65'
˪Ě³ƌƮ<¥µə#ʿ!8ͷNF-κB p65'~̽ú( IKK͉̪I









 ǲɺʋ"( HSP70 # DNAJA3 ' NF-κB êƖȏȉ'˳ǣ<̫1!ͷ
HSP70/DnaJ Rxpʜ'ȏˆ'ɕ˳&	!(ͷHSP70 # DnaJ YgK̑
'ʤ/Ě;ͅ#%8͹NF-κB ȭƝú&͉8 HSP70 # DnaJ 'ʤ/Ě;
<ěř,ͷDNAJA3#ɱµə8 HSP70'ěř<˾/͹'ʦǻͷ







Č* HSPA8& !(ͷNF-κB p65'~̽ú<¥! NF-κBȭƝú<êƖ
!8#ä
͹HSPA1AČ* HSPA8 IKKβ/IκBα/NF-κB p65'˪Ě³
ƌƮêƖ&͉8
& !(̿ˬ%̅ͣ"7ͷ¤ƒȅ˷8ƚˬ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1. eD'ͨ˂Ǜȩ  
 Ot/ŤņDQʹOtʹF~DY̼Ȝ͵ 10.5%ͷDiF
Tʹ?Qhk`?`nTM?͵ 4%ͷLOTʹ͉ǷúŔ͵ 6.5%ͷ4-
h`IRŖƟͫ̽D[ʹ Ƿ¢úƮ 0͵.3%ͷŤņʹ ģÔʞ˜ 1͵% ͵"ͷ25°C
"ͨ˂͹ƦǼŚͭ&ə8eD(ͷʻú." 18°C "ͨ˂ͷʻúƒ 29°C
"ͨ˂͹ 
 
2. ʢ˗ȪÖ&58ƦǼŚͭ  
 
2-1. ˳ǹ&əÃ³'µƮ  
 c564-GAL4 Č* tub-GAL80ts <ƻ ʜʨ#ͷUAS-yellowͷUAS-GFP RNAiͷ 








w;+/+;UAS-Droj2 IR/UAS-Droj2 IR (VDRC #23637) 
w; UAS-Droj2 IR/UAS-Droj2 IR;+/+ (VDRC #23638) 
yw;+/+;UAS-yellow/UAS-yellow (Bloomington #3043) 
w;+/+;UAS-GFP IR/UAS-GFP IR (Bloomington #9383) 
91 
w;Cg-GAL4/GFP-CyO;+/+ʹBloomington͵ 
UAS-Dredd on 3rd chromosomeʹP. MeierÓɗ57͠͵ 
UAS-PGRP-LE 13-15-1 on 3rd chromosome 
UAS-Relish on 2nd chromosome 
UAS-Imd on 2nd chromosome 
UAS-HSC70-4 RNAi R1 (NIG #4264 R-1) 
UAS-HSC70-4 RNAi R2 (NIG #4264 R-2) 
 
2-2. ʢ˗ƦǼǛȩ  
 RLOb< 10-15 mL 'Ȳ³Ĺĵ&Ö9ͷĹͪ͹ĹͪȲ 1.0 mL
< 2 mL[yl&ʇͷ̲ƙʹ3,600 g, 5 min, śȸʹRT͵͵ ƒͷĹͪȲ<
^G_&!͎Ċ͹p\_&ɗɕͧľȡʹŅĽ˩˜͵< 1 mLò!ƭɀ
ͷǪ&̲ƙʹ2,000 gͷ5 minͷRT͵ƒͷȶ<Đ7͎͹p\_&Ý
*ɗɕͧľȡ< 1 mLò!ƭɀͷGeneQuant proʹGE Healthcare͵<ə!
OD600Æ<ȹř͹'ƒͷOD600≒1&%85&˗Ȳ'ɁƆ<̆ʕͷ9
< 1ÄɁƆ'˗Ȳ#͹Ʈ˞ 1üƋ7ʝ 70 nL'˗Ȳ<ȪÖ͹ 
 ʢ˗'ȪÖ&(ͷm}ʹNarishigeͷPC-10͵<ə!H}TʔʹDrummond 
Scientific companyͷ3-000-203-G/X "͵µ˩b`ʹ Heater Level No.1 70.0ͷ




Escherichia coli (K-12)    OD600≒1.0ͷLBĹĵͷ37°Cͷ͙ɮĹͪ 
Erwinia carotovora carotovora 15   OD600≒1.0ͷLBĹĵͷ30°Cͷ͙ɮĹͪ 
Staphylococcus saprophyticus (GTC:0205)  OD600≒0.1ͷNBĹĵͷ37°Cͷ͙ɮĹͪ 
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2-4. LBĹĵČ* LB plate'µ˩Ǜȩ  
 LB Broth MillerʹNacalai tesqueͷ20068-75͵12.5 g<MilliQH2O 500 mL&ò
ͷF_Kl" 121°Cͷ20ä͈òɋȽ˗ƒͷśȸ."ǒß͹ 
 LB plate<µ˩8͒&(ͷLB Broth Miller 5.0 g# AgarʹNacarai tesqueͷ
01028-85͵3.0 g<MilliQH2O 200 mL&òͷF_Kl" 121°Cͷ20ä
͈òɋȽ˗ƒͷ10 cm plateʹ10Ǻä͵&.ͷśȸ."ǒß͹ 
 
2-5. NBʹNutrient Broth͵ĹĵČ* NB plate'µ˩Ǜȩ  
 Beef extractʹOxoid͵1.5 g# Special PeptoneʹOxoid͵2.5 g<MilliQH2O 500 
mL&òͷpH< 7&Ě;͹'ƒF_Kl" 121°Cͷ20ä͈òɋ
Ƚ˗ƒͷśȸ."ǒß͹ 
 NB plate<µ˩8͒&(ͷbeef extract 0.6 g# special peptone 1.0 g<MilliQ
H2O 200 mL&òͷpH< 7&Ě;ƒ Agar 3.0 g<òͷF_Kl"
121°Cͷ20ä͈òɋȽ˗ƒͷ10 cmm_ʹ10Ǻä͵&.͹ 
 
3. ř́ PCR 
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3-1. iUɼɻȏČ* Trizol <əR{BS{BfDÃ³
6' total 
RNA 'Ƹã  
 ×̘
6' total RNAƸã'ļĚ(ͷƦǼƒ'Ʈ˞ 10ü<iUɼɻȏəV




<.#1! TRIzol 500 µL<ĝ0iUɼɻȏəV}t\KiUI\_[y
l&īď͹Kqu (Nacalai tesque) 150 µL<òͷ6,000 rpm" 30ʆ
͈ͷiUɼɻȏʹBertin TechnologiesͷPrecellys 24͵"âɕƒͷśȸ" 5
ä͈ǒʷ͹̲ƙʹ16,000 g, 15 min, 4°C͵ƒͷȡű< 300 µLīďͷA
Xmj?O (Nacalai tesque) 300 µL<ò!̙Åȴģ8#&57ͷ
RNA<ȥț͹śȸ" 5ä͈ǒʷƒͷ̲ƙ (16,000 g, 15 min, 4°C)ͷ
ȶ<͎Ċ! DEPC âɕ 75%DYdʹ100% DYdʹNacarai 
tesque :͵DEPCȡ=3:1͵400 µL<ò͹̲ƙ (16,000 g, 5 min, 4°C) ƒͷ
ȶ<͎ͷ75%DYd 400 µL<ò͹Ý*̲ƙ (16,000 g, 5 min, 4°C) 
ƒͷȶ<͎ͷp\_<ͦ͹p\_< 30 µL' RNase, DNase-free
ȡ&ȼ˳2'< RNAȼȲ#͹' RNAȼȲ 1.5 µL<ə! NanoDrop 
2000ʹThermo scientific͵&57 OD260Æ<ȹřͷɁƆ<ȣ1͹OD260=1(ͷ
40 mg/mL RNA#͹ 
 
3-2. HEK293ʢ˄
6' total RNAƸã  
 ʢ˄
6' total RNAƸã&( Quick-RNA Micro-Prep kitʹ ZYMO RESEARCH͵
<ə͹Ǐµ(§Ű'm_O&Ɣ!ˣ͹ 
 24 well plate"Ĺͪʢ˄< 300 µL' ZR RNA buffer"ȼ˳͹ʢ˄<ī
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ď ZR RNA Buffer'×́< Zymo-Spin IC Column&ʇͷ̲ƙʹ12,000 gͷ1 
minͷRT͵͹Flow-through<ǀ!ƒͷG}u& RNA wash buffer 700 µL<
òͷ̲ƙʹ12,000 gͷ30 secͷRT͵͹Flow-through<ǀ!ƒͷG}u&
RNA wash buffer 400 µL<òͷ̲ ƙʹ 12,000 gͷ30 secͷRT ͵͹Flow-through
<ǀ!ƒͷG}u&´2ò!%ɏƨ"̲ƙʹ12,000 gͷ2 minͷRT͵ͷ
wash buffer<ŗ×&Đ7͎͹G}u< RNase-free 1.5 mL[yl&ʇͷ
G}u& DNase/RNase-free water 10 µL <òśȸ" 1 ä͈ǒʷƒͷ̲ƙ
ʹ20,400 gͷ30 secͷRT͵2'< RNAȼȲ#͹ 
 ǫʣɩ&ȼã RNAȼȲ 1.5 µL<ə! NanoDrop 2000&57 OD260Æ<
ȹřͷɁƆ<ȣ1͹OD260=1(ͷ40 mg/ml RNA#͹ 
 
3-3. 1st strand cDNA'ĚƮ  
 RNA 1.0 µgͷoligo (dT)15 primerʹPromega͵1.0 µL& RNase, DNase-freeȡ<ò









1 42°C" 5ä͈Àȸ͹Rever Tra Ace (Toyobo) 1.0 
µL<47#òͷ42°C" 50ä͈Àȸ͹Ȓ& 99°C" 5ä͈Ɉȧƒ
flashͷ&Ȣß͹−30°C"ÀʔͷPCR']m_#͹ 
  
˹'ȼȲ 12.5 µL 
5x RT reaction bufferʹToyobo͵ 4.0 µL 
10 mM dNTPsʹPromega͵ 2.0 µL 
RNase inhibitorʹPromega͵ 0.5 µL 
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3-4. Light CyclerʹRoche Diagnostics͵<əř́ PCR 
 PCRə H2O (Roche) 12.4 µL& 25 µM MgCl2 (Roche) 1.6 µLͷ10 µM primer
ʹforward͆	5* reverse͆ ę͵ 1.0 µL, 10x LC DNA master (Roche) 2.0 µL, 10Ä
&Ż̾ cDNAQm 2.0 µL< LightCyclerəIxj}~&Ö9͹
9<̲ƙ (400 gͷ2 secͷRT) ͷLightCycler (Roche Diagnostics) "ř́<ˣ
͹PCR'QAK	5* primer'˺ř(ª&ʀ͹ŀž&5!ɗɘ




rp49 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
rpL32 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
Diptericin 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 10 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
Drosomycin 95°C, 10 min → ( 95°C, 15 sec → 58°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
HSC70-4 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
GAPDH 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
HSPA1A 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
HSPA8 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
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× 40 cycles → Melting → 40°C, 30 sec 
HSPA9 95°C, 10 min → ( 95°C, 15 sec → 60°C, 10 sec → 72°C, 8 sec ) 
× 40 cycles → Melting → 40°C, 30 sec 
  Melting ; 95°C→65°C 15 sec→65°C ~95°C."Ɠ&òɋ 
 
ͶLight Cyclerə Primer̺æ 
rpL32 (rp49) -F 5'- AGATCGTGAAGAAGCGCACCAAG -3' 
rpL32 (rp49) -R 5'- CACCAGGAACTTCTTGAATCCGG -3' 
Diptericin-F 5'- GTTCACCATTGCCGTCGCCTTAC -3' 
Diptericin-R 5'- CCCAAGTGCTGTCCATATCCTCC -3' 
Drosomycin-F 5'- TTGTTCGCCCTCTTCGCTGTCCT -3' 
Drosomycin-R 5'- GCATCCTTCGCACCAGCACTTCA -3' 
HSC70-4-F 5'- ACAAGAAGGCTGTTGGAGAGC -3' 
HSC70-4-R 5'- GGACTTGACCTCAAAGATACCGT -3' 
GAPDH-F 5’- GCACCGTCAAGGCTGAGAAC -3’ 
GAPDH-R 5’- TGGTGAAGACGCCAGTGGA -3’ 
HSPA1A-F 5’- CCTGGAGTCCTACGCCTTCAAC -3’ 
HSPA1A-R 5’- CTTGACACTTGTCCAGCACCTTC -3’ 
HSPA8-F 5’- GGAAATTGCAGAAGCCTACCTTG -3’ 
HSPA8-R 5’- CTTTGGTAGCCTGACGCTGAGA -3’ 
HSPA9-F 5’- TTAGACTTGTTTCAAGGCGGGATTA -3’ 
HSPA9-R 5’- TGGCACCTTCGGCATTCTC -3’ 
 
4. HEK293ʢ˄&	8 Luciferase assay 
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4-1. siRNA&58d\KZBʹ96well͵  
 96 Well Cell Culture Plateʹ greiner bio-one ͵& HEK293ʢ˄<ǌʉͷ40-50ͳ
ʈƆ'ÒȺɒ&%8." 100 µL'ĹͪȲʹ DMEMʹ gibco ͷ͵10% FCSʹ biowest ͷ͵
2 mM L-glutamineʹgibco͵͵ " 37°CͷCO2 ɁƆ 5.0ͳ'ǵ«"Ĺͪ͹
OPTI-MEMʹgibco͵20 µLͷ1 µM siRNAʹQIAGEN FlexiTube siRNA͵0.4 µLͷ 
Lipofectamine RNAiMAXʹInvitrogen͵0.4 µL<ȴĚͷśȸ" 10ä͈AIy




 AllStars Negative Control siRNA (QIAGEN #1027280) 










4-2. Reporter plasmid'ūÖ  
 96 Well Cell Culture Plate" HEK293ʢ˄< 60-80ͳʈƆ'ÒĿɒ&%8."
100 µL'ĹͪȲʹDMEMͷ10% FCSͷ2 mM L-glutamine͵" 37°CͷCO2ɁƆ
5.0ͳ'ǵ«"Ĺͪ͹OPTI-MEM 20 µLͷReporter PlasmidͷPlus Reagent
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ʹInvitrogen͵0.2 µLͷLipofectamine LTXʹInvitrogen͵0.5 µL<ȴĚͷśȸ"
10ä͈AIyo_͹AIyo_ƒ'ȴĚɍ<ͷʢ˄<Ĺͪ 96 




 pELAM-Luciferaseͻ100 ng/wellʹ ǷûŅŔ ŅŔ͍ɗĢʅŔɺʋʅ ʢ˄́̋
Ɯʒä̀ Ɍɚɺʋś57ä͵ 
 pRL-TKͻ20 ng/wellʹPromega͵ 
 
4-3. HSP70͋ŝîâʷ  
 Reporter plasmid<ūÖ 18ǧ͈ʈƆAIyo_ HEK293ʢ˄&ͷʣ
ɁƆ 0.1ͷ0.3ͷ1ͷ3ͷ10 µM#%85& pifithrin-µ (PES) ʹSigma͵<ę well
&òͷ37°CͷCO2ɁƆ 5.0ͳ'ǵ«" 1ǧ͈AIyo_͹ 
 
4-4. ?PbT_&58đş³'ëȿ  
 FLA-ST UltrapureʹInvivoGen͵<ǫʣɁƆ 3 ng/mL&%85& 96 well plate
'ę well&òͷ37°CͷCO2ɁƆ 5.0ͳ'ǵ«" 4ǧ͈AIyo_͹ 
 
4-5. LuciferaseȭƝȹř  
 96 well plate'ę well
6Ĺĵ< 80 µLĐ7͎ͷDual-glo Luciferase Buffer
&ȼ˳ Dual-glo Luciferase Substrateʹ PromegaͷDual-glo Luciferase assay system͵
< 70 µLò, 10ä͈śȸ"AIyo_ƒͷtdvYʹ Molecular 
deviceͷSpectraMax L-TYA &͵57 Firefly Luciferase activity<ȹř͹ȹřƒ
Dual-glo Stop & Glo Buffer &ȼ˳ Dual-glo Stop & Glo Substrate ʹPromegaͷ
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Dual-glo Luciferase assay system͵< 70 µLò10ä͈śȸ"AIyo_
ƒͷÝƆtdvYʹ Molecular deviceͷSpectraMax L-TYA &͵57 Renilla 
Luciferase activity<ȹř͹ 
 
5. ƴ IKKβƴ³<əÕɢȥ͌  
 
5-1. HSP70͋ŝîâʷ  
 100 mm Cell Culture DishʹBD Falcon͵& HEK293ʢ˄<ǌʉͷ100ͳʈƆ
'ÒĿɒ&%8."ĹͪȲʹDMEMͷ10% FCSͷ2 mM L-glutamine͵" 37°Cͷ
CO2ɁƆ 5.0ͳ'ǵ«"Ĺͪ͹ʣɁƆ 10 µM#%85& PES<ȵòͷ37°Cͷ
CO2ɁƆ 5.0ͳ'ǵ«" 1ǧ͈ʈƆAIyo_͹ 
 
5-2. siRNA&58d\KZB  
 100 mm Cell Culture Dish& HEK293ʢ˄<ǌʉͷ40-50ͳʈƆ'ÒĿɒ&
%8."ĹͪȲʹDMEMͷ10% FCSͷ2 mM L-glutamine͵" 37°CͷCO2ɁƆ
5.0ͳ'ǵ«"Ĺͪ͹OPTI-MEM 2.0 mLͷ10 µM siRNAʹQIAGEN FlexiTube 
siRNA͵4.0 µLͷ Lipofectamine RNAiMAX 40 µL<ȴĚͷśȸ" 10ä͈A
Iyo_2'<òͷ37°CͷCO2ɁƆ 5.0ͳ'ǵ«" 36 ǧ͈ʈƆAI
yo_͹ə siRNA'ȋɩ̺æ<ª&ʀ͹  
 
＊ūÖ siRNA 
 AllStars Negative Control siRNA (QIAGEN #1027280) 




5-3. ʢ˄īď  
 PES âʷ8( siRNA ūÖ<ˣʢ˄
6Ĺĵ<͎ͷ5.0 mL ' PBS
ʹSIGMAͷpH7.4͵"BE\Ryƒͷ500 µL' cell lysis bufferʹ25 mM Tris 
(SIGMA), 150 mM NaCl (aG}A]TK), 1% NP-40 (aG}A]TK), 1 mM 
EDTA, Complete Mini (Roche)͵<òʢ˄<ȼ˳ͷ1.5 mL[ylʹQuality 
Scientific Plastics͵&īď͹Ȣ" 20ä͈͜ʷƒͷ̲ƙʹ15,000 g, 4°C, 
10 min ͵ͷȶ< 1.5 mL[yl&īď͹DC Protein Assay Kit (Bio-Rad) <
ə!YgKɁƆ<ȹřƒͷQm͈"YgKɁƆ<̆ǖ͹
'̹< inputQm#͹Flagellinëȿ<ˣļĚ(ͷʢ˄<īď8 15
äì& FLA-ST Ultrapure< 300 ng/mL&%85&òͷ37°CͷCO2ɁƆ 5.0ͳ
'ǵ«" 15ä͈AIyo_͹ 
 
5-4. ƴ IKKβƴ³<əÕɢȥ͌  
 5-3"̆˩ʢ˄ȼ˳Ȳ<200 µL 2ǲ'1.5 mL[yl&äͷƴ IKKβ
ƴ³ʹIKKβ (D30C6) Rabbit mAb (Cell Signaling) ͷ͵8(O_ƴ³
ʹRabbit (DA1E) mAb IgG XP Isotype Control͵< 2.0 µLȵòͷ4°Cͷ]
Yī̙"2ǧ͈AIyo_͹AIyoR{'͈&30 µL slurry
'ɾƝiUʹDynabeads M-280 Sheep anti-Rabbit IgG (novex)͵< cell lysis buffer
" 2 īȬȯ8#"ſ˥ú͹ʢ˄ȼ˳Ȳ/1 Ȓƴ³ȴĚɍ&ſ˥úi
U<ȵòͷ4°Cͷ]Yī̙" 45ä͈AIyo_͹Cell lysis 
buffer<ə!iU< 3īȬȯƒͷ1x SDS sample bufferʹ50 mM Tris-HCl
ʹSIGMA ͷ͵2% SDSʹaG}A]TK ͷ͵10% glycerolʹ͉ǷúŔ ͷ͵100 mM 





5-5. SDS-PAGE#BDTYl\]@L  
 10%?K~?t`'ä͕N<ə! SDS-PAGE <ˣ͹͘Ƞȫ÷(ͷ
Mini-PROTEIN III Electrophoresis CellʹBio-Rad͵<ə!ͷ40 mA'ř͘Ȯǵ
«"ˣ͹ȫ÷ʣƒͷMini-PROTEIN III Electrophoresis CellʹBio-Rad͵<
ə! 100 V 'ř͘ĳǵ«"?K~?t`N
6 PVDF ˌʹGE 
HealthcareͷHybond-P͵+YgK̑<̙Þʹ1 ǧ͈͵͹PVDF ˌ<l\
ILf\k>ʹ 5% TIutKʹ ͗ą /͵TBST (0.1% Tween20ʹ nacalai tesque͵
ĝǬ TBS) ͵"ʰ3
&͙ɮ%6 1ǧ͈âɕ͹ PVDFˌ<l\I
Lf\k>"Ż̾ 1Ȓƴ³Ȳ#śȸ" 1ǧ͈ĎƜ͹TBST" 5ä͈
'Ȭȯ< 3īʶ7̢ƒͷHRPȋ̋ƴ IgGƴ³ʹGE Healthcare͵<l\I
Lf\k>" 5,000 Ä&Ż̾ 2 Ȓƴ³Ȳ#śȸ" 1 ǧ͈ĎƜ͹
TBST" 5ä͈'Ȭȯ< 3īʶ7̢ƒͷLuminata Forte Western HRP Substrate
ʹMILLIPORE <͵ə! HRP#ĺ̑'ĎƜ&57ɗúŔɧÔ< ImageQuant 




 α-tubulin (ab18251) Rabbit polyclonal AbʹAbcamͷ800ÄŻ̾͵ 
 Actin (ab179467) Rabbit mAbʹAbcamͷ10,000ÄŻ̾͵ 
 Tid-1 (RS13) Mouse mAbʹCell Signalingͷ1,000ÄŻ̾͵ 
 IκBα (L35A5) Mouse mAb (Amino-terminal Antigen)ʹCell Signalingͷ1,000Ä
Ż̾͵ 
 NF-κB p65 (D14E12) XP Rabbit mAbʹCell Signalingͷ1,000ÄŻ̾͵ 




 ECL Anti-rabbit IgG, Horseradish Peroxidase linked whole antibody (from sheep) 
(GE Healthcareͷ5,000ÄŻ̾) 
 ECL Anti-mouse IgG, Horseradish Peroxidase linked whole antibody (from sheep) 
(GE Healthcareͷ5,000ÄŻ̾) 
 Mouse Anti-Rabbit IgG (Light-Chain Specific) (D4W3E) mAb (HRP 
Conjugate)  (Cell Signalingͷ5,000ÄŻ̾) 
 
6. DNAJA3̮ïɧɓʢ˄<ə DNAJA3#ɱµə8 HSP70'ěř  
 
6-1. DNAJA3-FLAG'̮ïɧɓ  
 ʢ˄Ĺͪə 6 well plateʹ BD Falcon͵& HEK293ʢ˄<ǌʉͷ60-80ͳʈƆ
'ÒĿɒ&%8."ĹͪȲʹDMEMͷ10% FCSͷ2 mM L-glutamine͵" 37°Cͷ
CO2ɁƆ 5.0ͳ'ǵ«"Ĺͪ͹'ƒͷOPTI-MEM 400 µLͷ̮ïɧɓoKY
ʹ pcDNA3/DNAJA3-FLAG  ͵ 2.5 µgͷPlus Reagent 8.0 µLͷLipofectamine LTX 10 
µL<ȴĚͷśȸ" 10äAIyo_͹AIyo_ƒ'ȴĚȲ<ʢ
˄'Öę well &òͷ37°CͷCO2ɁƆ 5.0ͳ'ǵ«" 24 ǧ͈ʈƆAIy
o_͹ 
 
6-2. ʢ˄'īď  
 Ĺĵ<͎ͷ1.0 mL' PBS"Ȭȯƒͷ300 µL' cell lysis buffer<òʢ
˄<ȼ˳ͷ1.5 mL[yl&īď͹Ȣ" 20ä͈͜ʷƒͷ̲ ƙʹ 15,000 





6-3. ƴ FLAGƴ³<əÕɢȥ͌  
 6-2"̆˩ʢ˄ȼ˳Ȳ 200 µL< 1.5 mL[yl&äȪͷ0.1 mg/mLƴ
FLAGƴ³ʹFLAG M2 Mouse mAb (Sigma)͵< 2.0 µLȵòͷ4°Cͷ]Y
ī̙" 2ǧ͈AIyo_͹AIyoR{'͈& 30 µL slurry
'ɾƝiUʹDynabeads M-280 Sheep anti-Mouse IgG (novex)͵< cell lysis buffer
" 2 īȬȯ8#"ſ˥ú͹ʢ˄ȼ˳Ȳ/1 Ȓƴ³ȴĚɍ&ſ˥úi
U<ȵòͷ4°Cͷī̙" 45ä͈AIyo_͹Cell lysis buffer<ə
!iU< 3īȬȯƒͷ300 µg/mL FLAG peptide 40 µL"iU<ƭɀͷ
Ȣ" 10 ä͈͜ʷ͹ɾȠTY`<ə!ȼãȲ<īďƒͷ1/3 ́'
4x SDS sample buffer#ȴĚͷ95°C" 5ä͈ boil2'<Õɢȥ͌ʹIP͵Q
m#͹ 
 
6-4. SDS-PAGE#̓Ǽ˔  
 4–15%tbm]@? TGX mIxT_NʹBio-Rad͵<ə!
SDS-PAGE<ˣ͹͘Ƞȫ÷(ͷMini-PROTEIN III Electrophoresis Cell<ə
!ͷ40 mA'ř͘Ȯǵ«"ˣ͹ȫ÷ʣƒͷEzStain SilverʹAtto͵<ə
!̓Ǽ˔<ˣ͹Ǐµ(§Ű'm_O&Ɣ!ˣ͹Ǽ˔µȆ&(
150 mm dish<ə͹ȫ÷ʣƒ'N<İřȲʹʛ˩ȡ 20 mLͷvYd 
25 mLͷ̻ ̽ 5 mLͷS-1ȼȲ 0.5 mL &͵Ȱͷ10ä͈ƾɮ͹İřȲ<ǀ!ͷ
ʛ˩ȡ 50 mL" 10ä͈'Ȭȯ< 3īʶ7̢͹ʛ˩ȡ<ǀ!ͷǼ˔Ȳʹ ʛ
˩ȡ 50 mLͷS-2ȼȲ 0.5 mL͵<òͷ5ä͈ƾɮ͹Ǽ˔Ȳ<ǀ!ͷʛ˩
ȡ 50 mL<òͷȔɽ& 30ʆ͈ƾɮ͹ʛ˩ȡ<ǀ!ͷɧ˔Ȳʹʛ˩ȡ 100 













7-1. HSP70͋ŝîâʷ  
 ʢ˄Ĺͪə 6 well plate& HEK293ʢ˄<ǌʉͷ100ͳʈƆ'ÒĿɒ&%8
."ĹͪȲʹDMEMͷ10% FCSͷ2 mM L-glutamine͵" 37°CͷCO2ɁƆ 5.0ͳ
'ǵ«"Ĺͪ͹ʣɁƆ 10 µM#%85& PES<ȵòͷ37°CͷCO2ɁƆ
5.0ͳ'ǵ«" 1ǧ͈ʈƆAIyo_͹ 
 
7-2. siRNA&58 RNAi 
 ʢ˄Ĺͪə 6 well plate& HEK293ʢ˄<ǌʉͷ40-50ͳʈƆ'ÒĿɒ&%
8."ĹͪȲʹ DMEMͷ10% FCSͷ2 mM L-glutamine ͵" 37°CͷCO2ɁƆ 5.0ͳ
'ǵ«"Ĺͪ͹OPTI-MEM 400 µLͷ10 µM siRNAʹ QIAGEN FlexiTube siRNA͵
1.0 µLͷ Lipofectamine RNAiMAX 10 µL<ȴĚͷśȸ" 10ä͈AIyo
_2'<ę well &òͷ37°CͷCO2ɁƆ 5.0ͳ'ǵ«" 36 ǧ͈ʈƆAI




AllStars Negative Control siRNA (QIAGEN #1027280) 






7-3. ʢ˄'īď  
 FLA-ST Ultrapure< 300 ng/mL&%85& 6 well plate'ęwell&òͷ37°Cͷ
CO2ɁƆ 5.0ͳ'ǵ«" 15ä͈AIyo_͹Ĺĵ<͎1.0 mL' PBS
"Ȭȯƒ200 µL' cell lysis buffer<òʢ˄<ȼ˳ͷ1.5 mL[yl
&īď͹Ȣ" 20ä͈͜ʷƒͷ̲ƙʹ15,000 g, 4°C, 10 min͵ͷȶ
< 1.5 mL[yl&īď͹DC Protein Assay Kit<ə!YgKɁƆ<ȹ




7-4. SDS-PAGE#BDTYl\]@L  
 10%?K~?t`'ä͕N<ə! SDS-PAGE <ˣ͹͘Ƞȫ÷(ͷ
Mini-PROTEIN III Electrophoresis Cell<ə!ͷ40 mA'ř͘Ȯǵ«"ˣ
͹ȫ÷ʣƒͷMini-PROTEIN III Electrophoresis Cell<ə! 100 V'ř͘
ĳǵ«"?K~?t`N





1Ȓƴ³Ȳ#śȸ" 1ǧ͈ͷ8( 4°C"ǨĎƜ͹TBST" 5ä͈'
Ȭȯ< 3 īʶ7̢ƒͷHRP ȋ̋ƴ IgG ƴ³<l\ILf\k>"
5,000Ä&Ż̾ 2Ȓƴ³Ȳ#śȸ" 1ǧ͈ĎƜ͹TBST" 5ä͈'Ȭ
ȯ< 3īʶ7̢ƒͷLuminata Forte Western HRP Substrate<ə! HRP#ĺ




 Tid-1 (RS13) Mouse mAbʹCell Signalingͷ1,000ÄŻ̾͵ 
 HSP70 (6B3) Rat mAbʹCell Signalingͷ1,000ÄŻ̾͵ 
 IκBα (L35A5) Mouse mAb (Amino-terminal Antigen)ʹCell Signalingͷ1,000Ä
Ż̾͵ 
 Phospho-IκB-α (Ser32) (14D4) Rabbit mAbʹCell Signalingͷ1,000ÄŻ̾͵ 
 NF-κB p65 (D14E12) XP Rabbit mAbʹCell Signalingͷ1,000ÄŻ̾͵ 
 Phospho-NF-κB p65 (Ser536) (93H1) Rabbit mAbʹ Cell Signalingͷ1,000ÄŻ̾  ͵
 Actin (ab179467) Rabbit mAbʹabcamͷ10,000ÄŻ̾͵ 
 IKKβ (D30C6) Rabbit mAb (Cell Signaling, 1,000ÄŻ̾) 




 ECL Anti-rabbit IgG, Horseradish Peroxidase linked whole antibody (from sheep) 
(GE Healthcareͷ5,000ÄŻ̾) 
 ECL Anti-mouse IgG, Horseradish Peroxidase linked whole antibody (from sheep) 
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